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(54) Optical waveguide grating and production method therefor 



(57) An optical waveguide grating with radiative 
mode-coupling properties, with exceptional stability and 
reliability as an optical component, wherein the central 
wavelength of the rejection band has a low temperature 
dependence, due to the use of silica glass doped with 
germanium and boron for the core. The rejection band- 
width can be narrowed without increasing the grating 
length by forming the radiative mode-coupled optical 
waveguide grating in an optical waveguide wherein the 
mean relative refractive index difference of the core is 



greater than that of optical communication waveguides. 
The rejection can be increased by reducing the occur- 
rence of cases wherein propagation modes of the core 
coupled to cladding modes once again couple to the 
core in palnar optical waveguide gratings formed by 
making periodic changes in the waveguide structure 
along the direction of propagation of light in an optical 
waveguide having a cladding with a lower retractive in- 
dex than the core surrounding the core, by making the 
thickness of the cladding at least thirteen times the thick- 
ness of the core. 
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Description 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to optical waveguide gratings, particularly to radiative mode-coupled optical 
waveguide gratings. 

10 Description of the Related Art 

Optical waveguide gratings are optical fibers or planar optical waveguides having constant periodic changes in 
the longitudinal direction, such as periodic changes in the refractive index of the core or periodic changes in the core 
diameter 

^5 In general, gratings can be divided into radiative mode-coupled types and reflective mode-coupled types. Radiative 

mode-coupled gratings are capable of attenuating light of specific wavelengths due to radiation from the optical 
waveguide by coupling modes propagating in the core with modes propagating in the cladding. Reflective mode-coupled 
gratings reflect light of specific wavelengths by coupling modes propagating through the core in a positive direction 
and modes propagating through the core in the opposite direction (negative direction). 

^0 Mode-coupling is made possible by perturbations which occur in the core. Generally, when gratings are formed in 

optical fibers, these perturbations are often achieved by means of periodic changes in the core refractive index. 

The main structural difference between radiative mode-coupled gratings and reflective mode-coupled gratings is 
in the periods of the periodic changes (hereinafter referred to as the grating pitch). For example, in the case of optical 
fiber gratings formed by making periodic changes in the core refractive index of optical fibers, radiative gratings are 

?5 obtained by making the grating pitch approximately several hundred microns, and reflective gratings are obtained by 
making the grating pitch approximately 1 micron. 

Radiative mode-coupled gratings have wavelength-transmission loss properties (transmission spectra) as shown 
in Fig. 7. wherein the transmission loss of light in a specific wavelength band is selectively increased. The width of the 
wavelength band with an increased transmission loss is referred to as the rejection bandwidth, the central wavelength 

30 thereof is referred to as the central wavelength of the rejection band, and the magnitude of the change in transmission 
loss Is referred to as the rejection. 

As a conventional method for producing optical waveguide gratings, there is a method for making periodic refractive 
index changes in the core by taking advantage of the properties of silica glass doped with germanium, of which the 
refractive index will increase when exposed to strong U V radiation, depending on the amount of exposure. 

?5 For example, when producing a radiative mode-coupled optical fiber grating, either an optical fiber with a germa- 

nium-doped core and a silica cladding, or an optical fiber with a germanium^loped core and a fluorine-doped cladding 
is used. This optical fiber is hydrogenated in a hydrogen-pressurized container (approximately 100 atm), and then 
either exposed to U V radiation at constant periods along the longitudinal direction of the optical fiber using a photomask, 
or exposed to UV radiation at regularly spaced intervals along the longitudinal direction of the optical fiber 

w However, conventional radiative mode-coupled optical fiber gratings made from optical fibers with germanium- 

doped cores and silica claddings or optical fibers with germanium-doped cores and fluorine-doped claddings have the 
undesirable property that the central wavelength of the rejection band has a high temperature dependence. 

Specifically, this type of optical fiber grating has a temperature characteristic of approximately 0.05 nm/^C, meaning 
that as the temperature hses (or drops) by 10 "^C, the central wavelength of the rejection band will shift to longer 

'5 wavelengths (or shorter wavelengths) by approximately 0.5 nm. Therefore, they are not dependable in terms of their 
stability and reliability as optical components. 

On the other hand, the grating properties of optical waveguide gratings are known to change with the parameters 
of the gratings, i.e. the amount of change in the core refractive index, the grating pitch, the grating shape (profile of 
the core refractive index), the grating length in the longitudinal direction of the optical fiber, and the effective refractive 



The following Table 1 summarizes the influence that each parameter of a grating has on the grating properties. In 
the table, x indicates no influence, O indicates some influence, and A indicates a small influence. Additionally, the 
arrows T (i) indicate whether the value of the grating property will increase (decrease) in response to an Increase in 
the parameter value. 
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^unlTiTT T^, T""^' ^"^^ ''^ ""^^ f'^'^ °* °P»'«=«' communications, and are especially 

su tab e for use ,n order to reduce the wavelength dependence of the gain in erbium^Joped optical fiber amplifiers in 

°rr^^rcouTr"t Tr' wave.ength-division-n.ultiplexod transmissions! this caseTe rad,r. 

tive rnodG-coupled optical fiber grating should preferably be designed so that the rejection band is the same as the 
wavelength region used for transmission. 

this ooLaTfZ'r'^mlf '""^^l'"^ wavelength dependence of the gain of a erbium^Joped optical fiber amplifier, and 

Lllv^S Ln '^ T '^'^ "^"^ ^" ^""^'"""'^^^i"" system for performing wavelength^ivision multi- 

plexed transmissions between wavelength A and wavelength B » » 

The optical fiber grating used in this optical communication system should be designed such as to have a rejection 
band Which overlaps the wavelength region between wavelength A and wavelength S and such thaUhe wavSr 
Xlm!" " ^^ve^engt^ region fomi a curve similar to the wavelength dependencHf te g^^ 

length region "'^ ^""'^ '""^ ^^^'^^ '^"''^ ''^^ °' ^^='9" ^'^"^'-"^'V -^"alizes the gain in this w|^ 

i. ,o ""^'^"^ controlling the rejection band width of a radiative mode-coupled grating 

IS to adjust the grating length as indicated in Table 1 above graimg 

• th. nlrhlnH Imk"'^"!'^"^!' ''^^ *" wavelength-division multiplexed transmission is usually determined by 

the gam band of tfie erbium-doped optical fiber amplifier, and this is the wavelength region between wavelength A and 
wavelength B.n Fig. 8. While the bandwidth is approximate^ 15-20 nm. if a radltive mode^oupled grSavlna a 

Fo?ex"rm^ "'^T,^^"^-*^'^ corresponding thereto Is to be made, the grating length bec^es^^^eme^ 
ontir^ fZT r °P*'^^^ f*«'^'^«"^'^al to the optical fibers used for communications are conventionally used to make 

gS I'nXS be al 'LfZ mm" ^^"^^^^ '^^ ""^ '^^^ °' °P''- 

and " "^°"^^ ~ --^-^ ^^---^ 

suJT^I"^' 7!"'^ °P''^^' /"^^^ 9^^«"9S are nom,ally used with both sides of the cladding portion affixed to a sub- 
tZlZ J ""T^ ^" ^^^°"ance frequency of the grating portion is reduced if the grating 

S o^epemers '° " " " °' '"""^ ""^*"9 vibration testing or during the'lnst^l' 

oratinnrh!^ m^f ' ^^1"*^ ' ^'"""^"^ ''^ '"""^^ mode-coupled gratings or reflective mode-coupled 

gratings by means of perturbations in the core. 

widthr«f7hr^''""^"^"^- ^^""y "^^^"^ °* P^"°'^''= ''^^"S^^ '""^ diameter (core 

thf cor! , ^«9u.de ,n the case of radiative mode-coupled gratings, and can be achieved by means of changes in 
grml^^ pUch ' waveguide in the case of reflective mode^oupled gratings due io the shortness oi the 

t,an^Z7^/l!^''"'T "L°^.«-'=°"P'«d 9'«»'"9« *°'"'ed in palnar optical waveguides have a problem in that their rejec- 
tions cannot be made sufficiently large in comparison to radiative mode-coupled gratings in optical fibers 
nr.ZT ? ^^^"^^^ periodically if the grating length is increased in a radiative modeK»upled 

iTZnl !!] ''^'^ ° ""^^ P®""^ °' ^^^"9^^ ^ej^'^l'o" *s comparatively long and the 

therrl^lHeS rangf '° monotonically increased if the grating length in increased within 

.JnJTT'l"!^'^'^^ mode-coupled palnar optical waveguide gratings, the period for the rejection change is 
comparatively short and the amount of change is small, so that the rejection cannot be made greater than a certein 
value because the rejection will simply change periodically even if the grating length is increased 
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SUMMARY OF THE INVENl 



The present invention has the object of resolving the following problems in radiative mode -coupled optical 
waveguide gratings. 

5 The first problem is to obtain a radiative mode-coupled optical waveguide grating with exceptional temperature 

characteristics, wherein the central wavelength of the rejection band has a low temperature dependence. 

The second problem is to make the rejection bandwidth narrower without increasing the grating length in an optical 
waveguide grating. 

The third problem is to make the rejection sufficiently large in a radiative mode-coupled optical waveguide grating. 
10 In the present Invention, the above-mentioned problems are solved as follows. 

A first aspect of the present invention offers an optical waveguide grating using an optical waveguide composed 
of silica glass material, comprising a core which Is doped with germanium and boron. 

A second aspect of the present invention offers an optical waveguide grating comprising a radiative mode-coupled 
grating formed in an optical waveguide having a core with a mean relative refractive index greater than that of optical 
'5 waveguides used for communication purposes. 

The above-mentioned optical waveguide grating according to the second aspect of the present invention can be 
obtained by a method for producing an optical waveguide grating, comprising steps of determining the relationship 
between the grating length, the mean relative refractive index difference of the core, and the rejection bandwidth of 
the grating for an optical waveguide grating; determining, based on this relationship, a mean relative refractive index 
20 difference of the core which simultaneously satisfies Ihe desired grating lenglh and rejection bandwidth conditions; 
and forming a radiative mode-coupled grating in an optical waveguide having a core with this mean relative refractive 
index difference. 

A third aspect of the present invention offers a palnar optical waveguide grating having periodic changes in the 
waveguide structure along the longitudinal direction of an optical waveguide, comprising a core; and a cladding sur- 
25 rounding the core, with a lower refractive index than the core; wherein the cladding has a thickness which is at least 
thirteen times the thickness of the core. 

According to the first aspect of the present invention, the following effects can be obtained. 
That is, the radiative mode-coupled optical waveguide grating according to the first aspect of the present invention 
reduces the temperature dependence of the central wavelength of the rejection band due to the use of silica glass 
30 having a core doped with germanium and boron. Consequently, it is possible to obtain a radiative mode-coupled optical 
waveguide grating having excellent temperature characteristics which is stable and reliable as an optical component. 

Furthermore, this radiative mode-coupled optical waveguide grating is capable of improving the temperature char- 
actehstics of optical waveguide gratings simply by doping with boron In addition to germanium, allowing conventional 
grating production methods to be applied without modifications, thereby making production simple and offering an 
35 economic advantage by not requiring the Installation of new equipment. 

The germanium and boron should preferably be added in the forms of GeOg and B2O3 respectively, and the con- 
centration of B2O3 in the core should preferably be less than or equal to 2.0 times the concentration of Ge02 in the 
core. As a result, it Is possible to obtain a radiative mode-coupled optical waveguide grating with excellent temperature 
characteristics such that the temperature dependence of the central wavelength of the rejection band is small, as well 
40 as making it possible to achieve a radiative mode-coupled grating having the Inverse properties as conventional gratings 
having cores doped only with germanium. 

Additionally, radiative mode-coupled optical fiber gratings which use optical fibers as the optical waveguides have 
good connections to optical components and the like which use other optical fibers, thus allowing for effective use in 
the optical communication field using optical fibers, and making it possible to Improve the temperature characteristics, 
45 stability and reliability of optical communication systems. 

According to the second aspect of the present invention, the following effects can be obtained. 
That is, the optical waveguide grating according to the second aspect of the present invention Is an optical 
waveguide grating comprising a radiative mode-coupled grating formed in an optica! waveguide having a core with a 
mean relative refractive index greater than that of optical waveguides used for communication purposes. 
SO Consequently, the rejection bandwidth can be narrowed without increasing the grating length. 

Additionally, if an optical waveguide having single-mode transmission properties in the operative wavelength region 
of the grating is used, then the connection loss with single-mode optical waveguides used in existing optical commu- 
nication systems can be small and it is not necessary to consider the existence of transmission loss peaks occurring 
at higher order modes. 

55 Additionally, this optical waveguide grating can be produced by determining the relationship between the grating 

length, the mean relative refractive index difference of the core, and the rejection bandwidth of the grating for an optical 
waveguide grating; then determining, based on this relationship, a mean relative refractive index difference of the core 
which simultaneously satisfies the desired grating length and rejection bandwidth conditions; and forming a radiative 
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mode-coupl9d grating in aWical waveguide having a core with this mean relZefraclive index difference 
and ^^^^ZZT "''''"''^ '^^'"^ ^^^''"^ '^"^'^ ^"'^-'-••^ easily 

According to a third aspect of the present invention, the following effects can be obtained 
w«vJo.to nr^?- '^^^^S"!^^ 9^^^'"9 according to the third aspect of the present invention is a painar optical 

Zeou 1 ^JT^ '^""^ "^""^"f '^'^"^^^ •'^^ ^'^-'-^ -'°ng the longitudinal direction of an op ca 

H«HH r'^'T^^ ^ the core, with a lower refractive index than the core- wherefn 

the cladding has a thickness which is at least thirteen times the thickness of the core 

Consequently, the thickness of the cladding is sufficiently.large with respect to that of the core, so that the recouplino 

lrnc^re?inT™''^^^ 

'"^ "^""^ T'''^ "'^^^ °' ^ P^'"^^ °P'"=«' waveguide grating wherein the substrate 

w?hZr.nnfh '° °' ""^'^'"3 "^^^^^ ^'""^ '•^^^^ ctedding layer to be sufficiently S 

rlinn '^ ^'"'^^^^^^ «=an be increased simply by making the substrate out of a materS 

oZl r '""^Tk '° °' ^^'^'^'"9 ^y-- " e-^ily achieved withoufany large modificationMo the 

fo°addmona'^7undt? , T^' ^^^antageous in terms of costs because there is no need 

Tor additional funds to install new production equipment 

refracSveTndl^h«nt^' f ^^"^f"'"^ 9^^«"9 P^°^*^«^ ^"^^ a cladding mode absorption layer having a higher 
ciuSlo mfnJnH ? °" ""^ °* "^''^"^9 '^'^"^"^^^ can make cladding modes 

rZ ni n ^ f ^''"^^P"^" '^^^^ =° as lo efficiently absorb and attenuate them, thereby reduckig their 

recoupling from the cladding mode lo the core propagation mode, and increasing the rejection 

lav^r ."^n hTT^' ^''t ^''t'^"^*''' °' '"^ "^''^'"^ ^"^^^ ^"^ attenuated by the cladding mode absorption 

nLir.K '''f "^'"^ °* ^='"^^'"9 "^^^^ absorpt^n layer, so that it is possible to Z^er 

increase the wavelength selectivity for the light attenuated by the painar optical waveguide grating 

comlr^rnl « H«HH ^l^'^*"^^ by means of an optical fiber grating, by forming an optical fit er grating 

He S^g ' "'^'^ '"^^^'^ •'^^ "^^"""^ Circumference 

BRIEF EXPLANATION OF THE DRAWINGS 

to . f ^ 1^"^'^' ""^"^ ^" ^''^"'P'^ °* ^ ^^'^'^•^^^ mode-coupled optical waveguide grating accordino 

to a first embodiment of the present invention, yrnung accoraing 

the p^rL^nfinventiof ^" ^'^'"'"^ °' ^" ^^^^^"'^^ ««='=°'^'"9 «° a second embodiment of 

cor/l?nH tl^f showing the relationship between grating length, mean relative refractive index difference of the 
core^and the rejection bandwidth .n an example according to the second embodiment of the present invention 

Of the prieSnlror*''^'"'"^'''^'"'^^ 

PvniSno.'K ^ ^'f ^ 1^°!!'"^ relationship between the optical frequency and the effective refractive index for 

inrsr^Ltt^^^^^ 

fr«nniL!i? ^ ^'T" f^^"^^ ^^"^ relationship between the length of the optical fiber, tension, and the resonance 
frequency in an optical fiber grating according to a second embodiment of the present invention 
Fig. 7 IS a graph showing the properties of a radiative mode-coupled optical waveguide grating 
Fig. 8 IS a graph showing the wavelength characteristics of gain in an optical fiber amplifier 

irr^ent Of the' prK'nt^tm^r ' ""^ °' '^^^^"'"^ ^^^^^^ ^^""^^ »° 

of thrpresenttnvenlior '''"'""^ ^ ^""^""^'^ °' ^" ^^^^^^'^^^ 9^^«"9 according to the third embodiment 

arBt^rJrlt''°. "'^""^ ^''^^'"S ^ "'^^ ^'^"'P'^ °' ^ PKxauction method for an optical waveguide 

grating according to a third embodiment of the present invention 

of the pres\''nfinv?nt?" """""^ ' °' ^^^'^^ ^ ''^'^^ embodiment 

f ^P"? ^;;.°*'"9 "^^ refractive index change of a second example of an optical waveguide grating 
according to a third embodiment of the present invention. 

«n,^o2^o?^"!f -^w^'^ "'^""^ ^""^'""^ ^ ^^"^"^ ®''^'"P'® °' ^ production method for an optical waveguide grating 
according to a third embodiment of the present invention. "eardung 
Fig. 14 is a graph showing the properties of an optical waveguide grating obtained by an example according to 
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the third embodiment of the pTRent invention. 

Fig. 15 is a graph showing the properties of an optical waveguide grating obtained by an example according to a 
third embodiment of the present invention. 

5 PREFERRED EMBODIMENTS OF THE INVENTION 

Hereinbelow. a first embodiment for resolving the first problem, a second embodiment for resolving the second 
problem, and a third embodiment for resolving the third problem of the present invention will be explained in detail. 

10 <First Embodiment> 

Fig. 1 is a partial section view Illustrating an example of a radiative mode-coupled optical fiber grating (hereinafter 
sometimes referred to simply as an optical fiber grating), as an example of an optical waveguide grating according to 
the first embodiment of the present invention. In the drawing, reference numeral 41 denotes as optical fiber, reference 
15 numeral 42 denotes a core, reference numeral 43 denotes a cladding and reference numeral 44 denotes a jacket layer 

This optical fiber grating has a grating portion 45 wherein the refractive index of the core 42 periodically changes 
in the longitudinal direction of the optical fiber 41 formed in a portion of the optical fiber 41 . 

The core 42 of the optical fiber 41 is composed of silica glass (SiOg) doped with at least germanium (Ge) and 
boron (B). Aside from these, the core 42 may also be doped with aluminum, erbium, titanium or the like as suitable. 
20 The cladding 43 is composed of a silica glass having a lower refractive index than the core, for example pure silica 
glass or fluorine-doped silica glass or the like. 

When the optical fiber 41 is made by means of a gaseous phase reaction, germanium is actually added to the core 
42 in the form of Ge02 (germanium oxide), and boron is added to the core 42 in the form of B2O3 (boron oxide). The 
concentration of GeOg in the core 42 is determined so as to obtain a preferable core-cladding relative refractive index 
2S difference in the optical fiber 41 and to allow a desired refractive index change to be obtained in the core 42 by exposing 
the optical fiber 41 to UV radiation. 

As will be explained below, doping the core 42 with B2O3 improves the temperature characteristics of the optical 
fiber grating by compensating for the refractive index changes with respect to temperature changes in Ge02-doped 
silica glass 

30 Additionally, doping silica glass with B2O3 reduces the refractive index of the silica glass Therefore, the BgOa 

concentration in the core 42 is set so as to improve the temperature characteristics of the optical fiber grating depending 
on the Ge02 concentration in the core 42. and to obtain a desirable core-cladding relative refractive index difference 
for the optical fiber 41 . 

However, if the B2O3 concentration in the core 42 is too high, the temperature characteristics of the optical fiber 
35 grating will be degraded so as to exhibit the inverse characteristics, so that the B2O3 concentration in the core 42 
should preferably be set to less than or equal to 2.0 times the GeOg concentration in the core 42. 

Additionally, doping with even a small anrtount of B2O3 will, however slight, improve the temperature characteristics 
of optical fiber gratings. Therefore, the lower bound for the B2O3 concentration in the core 42 needs only to be larger 
than 0, and the concentration should preferably be at least 0.5 times the concentration of GeOg in the core 42. 
40 The properties of the optical fiber grating such as the central wavelength of the rejection band, the rejection band- 

width, and the rejection change depending on parameters such as the amount of change in the core refractive index 
of the cladding portion 45, the grating pitch, the grating shape (profile of the core refractive index change), and length 
of the grating portion 45 in the longitudinal direction of the optical fiber 41 , and these can be set as needed according 
to the optical fiber grating characteristics which are desired Additionally, the grating pitch is set to within a range of 
45 tens to hundreds of microns in order to obtain radiative mode-coupling properties. 

In order to produce an optical fiber grating of this type, an optical fiber is first made using a commonly known 
process such as a VAD process or an MCVD process. The core is doped with GeOg and B2O3 at this time. Next, the 
jacket layer 44 of the optical fiber 41 is partially removed, and a grating portion 45 is formed at the portion with the 
jacket layer removed by periodically exposing with UV radiation along the longitudinal direction of the optical fiber 41. 
so The wavelength of the UV radiation for irradiating the optical fiber 41 should preferably be about 240-250 nm. 

As the method for forming the grating portion 45, a comnnonly known method may be used, such as a method 
wherein a UV beam having a comparatively large spot width is irradiated on the optical fiber 41 through a photomask 
having slits spaced by regular intervals of tens to hundreds of microns, or a method wherein UV beams are irradiated 
on the optical fiber 41 at regular intervals by repeating the procedure of irradiating a U V beam with a small spot width 
55 onto the optical fiber 41 for a constant period of time, cutting off the beam, shifting the position of the beam along the 
longitudinal direction of the optical fiber 41 , and reirradiating the beam. 

Below, the functions of an optical fiber grating according to the first embodiment will be explained. 

Although radiative mode-coupled optical fiber gratings have a plurality of rejection bands, the condition expressed 
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by the following equation (^^plies to the central wavelength In a single reiSn band. 

P«.-|*c/=^ (1) 

o^'Lnff propagation constant for the waveguide mode (of the core), represents the propagation 
constant for the cladding mode, and A represents the grating pitch. k h a u i 

The above equation (1 ) can be rewritten as the following equation (2). 

K = ^<"eco-"ecl) (2) 

Here. n^^„ and represent respectively the effective refractive indices of the waveguide mode and the claddina 
mode (27t/A -effective refractive index = propagation constant). 

Differentiating equation (2) by temperature results in the following equation (3). 

Then, the central wavelength can be made constant with respect to temperature changes by making both sides 
of the above equation (3) equal to zero. Since the coefficient of thermal expansion of silica glass in which the main 
component is silica is extremely small, the derivative a.V9r (equal to the coefficient of thermal expansion of glass) can 
be approximated as zero. Therefore, it is sufficient to make T)(neco-neci) equal to zero 

Silica glass such as used in the claddings of conventional radiative mode-coupled optical fiber gratings and the 
germanium-doped silica glass used In their cores both have the property that their refractive indices increastwith 
increases in temperature. Additionally in optical fibers in general, the effective refractive index for the waveguide mode 
increases if the refractive index of the material increases. 

Since the temperature dependence of the refractive index change in germanium-doped silica glass is greater than 
the temperature dependence of the refractive index change in silica glass, the condition dn^T> dn^/ST app\ies in 
conventional radiative mode-coupled optical fiber gratings, so that the right side of the above equation (3) cannot be 
made equal to zero. * ' 

In contrast, boron-doped silica glass has the property that the refractive index decreases with increases in tem- 
perature. Therefore, the temperature dependence of the refractive index of the core 42 can be made approximately 
equal to the temperature dependence of the refractive index of the cladding 43 by doping the core 42 not only with 
germanium, but also with an appropriate amount of boron. As a result, it is possible to make dn JdT-dn /97- 0 
thereby allowing a radiative mode coupled optical fiber grating wherein the central wavelength ^the rejecton band 
has a low temperature dependence to be obtained. 

On the other hand, if the concentration of boron in the core is too high, then the temperature characteristics of the 
radiative mode-coupled optical fiber grating shift to characteristics which are the inverse of the conventional charac- 
teristics, such that the central wavelength of the rejection band will shift to shorter wavelengths (longer wavelengths) 
If the temperature drops (rises). It the concentration of boron in the core 42 exceeds twice the concentration of ger- 
manium the temperature characteristics shift too far toward the inverse characteristics, and therefor this situation 
should be avoided. 

The methods for improving the temperature characteristics of optical fiber gratings by doping the core 42 with 
boron are not restricted to use with the optical fiber grating of the present example. This method is effective for any • 
optical fiber grating having radiative mode-coupled properties, wherein the core and cladding are composed of silica 
g ass materials, the core is doped with germanium, and the temperature dependence of the refractive index change 
of the cladding material is lower than the temperature dependence of the refractive index change in the core material 
Hence the method can be applied to optical fibers with arbitrary structures. 

<Second Embodiment> 

Fig. 2 is a plan view showing an example of an optical waveguide grating according to a second embodiment of 
the present invention. Here, a radiative mode-coupled optical fiber grating (hereinafter referred to simply as an optical 
fiber grating) will be given as an example of an optical waveguide. 

In the drawing, reference numeral 51 denotes an optical fiber, reference numeral 51a denotes a core reference 
numeral 51 b denotes a cladding, reference numeral 52 denotes a grating portion, reference numeral 53 denotes a 
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substrate, reference numeralsydenotes an adhesive and reference numeral 55 denotes a jacket layer 

The optical fiber 51 is composed of a core 51 a and a cladding 51 b with a lower refractive index than the core, and 
a grating portion 52 having a refractive index which periodically changes along the longitudinal direction of the optical 
fiber 51 is formed at a portion of the core 51a. 

In this example, the optical fiber 51 should preferably be such that a portion of the jacket layer 55 of the resin- 
coated optical fiber is removed. 

Additionally, the grating pitch in the grating portion 52 should preferably be set to within a range of about tens lo 
hundreds of microns in order to obtain radiative mode-coupled properties. 

The core 51a of the optical fiber 51 is composed of a material wherein the refractive index changes when exposed 
to UV radiation, depending on the UV light intensity and the exposure time. The material should preferably be GeOg- 
doped silica glass. In addition to GeOg, the core 51a may be doped with aluminum, erbium, titanium or the like. The 
cladding 51b of the optical fiber 51 should preferably be composed of silica glass or fluorine-doped silica glass. 

The optical fiber 51 used to make this optical fiber grating may be a single-mode fiber or a multi-mode fiber, but 
should preferably have single-mode transmission properties in the operative wavelength region of the grating. This is 
'5 because the existing optical transmission systems mostly use single-mode fibers, so that the use of single-mode fibers 
allows the connection loss with existing systems to be held low, and because the transmission loss peaks which occur 
at higher-order modes can be ignored. 

The optical fiber 51 is formed so that the mean relative refractive index difference of the core 51a is larger than 
that of optical communication fibers. Here, the mean relative refractive index difference of the core according to the 
second embodiment of the present invenlion refers lo the core-cladding relative refractive index difference averaged 
in the cross-sectional direction, and is defined by the following formula (I). 

[MS 

25 -J' ""^ 

c ... (I) 



Here, S^^^^ represents the cross-sectional area of the core and 6 is a function which describes the distribution of 
30 the relative refractive index. The numerator of the above formula (I ) is the integral of this function 5 by dS (area fragments 
of core cross-section) over only the interior of the core. Taking the distance of an arbitrary point inside the optical fiber 
from the center of the optical fiber to be r, 8 is a function of n so that 6 = 6{r) gives the relative refractive index difference 
between the center of the core and a point at radius r. If 6 is cylindrically symmetric and the core radius is taken to be 
/=?, then the mean relative refractive index difference of the core can be expressed by the following formula (II). 



drclr 



(II) 



Specifically, as an optical fiber 51 for the present Invention, it is possible to use a 1 .3 ^im zero-dispersion optical 
fiber, a cutoff wavelength shifted optical fiber or a dispersion shifted fiber. If a 1 .3 fim zero-dispersion optical fiber is 
used, while the mean relative refractive index difference of the cores of 1.3 ^m zero-dispersion optical fibers used for 
communication purposes is usually about 0.35 %, the 1 .3 zero-dispersion optical fiber used in the second embod- 
iment of the present invention should preferably have a larger mean relative refractive index difference. 

When using a cutoff wavelength shifted optical fiber, the mean relative refractive index difference of the core for 
cutoff wavelength shifted optical fibers for communication purposes is normally 0.4-0.45 %, whereas the cutoff wavel- 
wngth shifted optical fiber used in the second embodiment of the present invention is formed so as to have a larger 
so mean relative refractive index difference of the core. 

If a dispersion shifted optical fiber Is used, while the mean relative refractive index difference of the cores of dis- 
persion shifted fibers used for communication purposes is usually about 0.4 %, the dispersion shifted optical fiber used 
in the second embodiment of the present invention should preferably have a larger mean relative refractive index 
difference. 

ss The difference in the mean relative refractive index differences between the optical fiber 51 used in the second 

embodiment of the present invention and communication fibers should be set according to the length of the grating 
portion 52 (grating length) and the rejection bandwidth of the desired optica! fiber grating, because this difference 
causes the rejection bandwidth of the optical fiber grating to change as will be explained below. 
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When the grating lengW made constant, the rejection bandwidth will dec'?i^e as the mean relative refractive 
mdex difference of the core of the optical fiber 51 increases as is desirable, but In a singleniiode fiber, the mode field 
diarneter of the optical fiber 51 will become small if the mean relative refractive index difference of the core ,s made 
too large, so as to result in a problem In that the connection loss for connection to existing systems will be large 

Therefore the mean relative refractive index difference of the core of the optical fiber 51 used in the second 
embodiment should be made as large as possible to an extent such as not to result .n any such connection loss 
problems in connected optical waveguides used for communication purposes. Hence, the upper limit is determined bv 
the range of allowable connection losses. For example, when the allowable range of connection losses is less than or 
equa I to approximately 0.2 dB. then the mean relative refractive index difference of the core 51a of the optical fiber 51 
'0 should preferably be set to 1 .5 % or less. 

In this example, a 1.3 pm zero-dispersion optical fiber having a core 51a with a mean relative refractive index 
difference of 0.7 /o is used, and the radiative mode-coupled optical fiber grating Is constructed such that the gratinq 
length is 20 mm and the rejection bandwidth is 20 nm. 

The optical fiber 51 in which the grating portion 52 is formed is affixed to a substrate 53 

The material of the substrate 53 should be such that the difference in the coefficient of thermal expansion with the 
optical fiber 51 is small, and a silica substrate is preferable. The shape of the substrate 53 can be arbitrary The optical 
iber 51 should preferably be affixed to the substrate 53 by using an adhesive 54. for example an epoxy adhesh^e a 
UV-hardening adhesive or the like. . 

Since the grating properties of the radiative mode-coupled grating will change If the adhesive 54 contacts the 
grating portion 52. the adhesive should be applied at portions other than the grating portion 52. preferably on bolh 
sides of the grating portion 52 separated by at least 5 mm from the ends thereof 

In this example, the length of the grating portion 52 is 20 mm. the distance a between the grating portion 52 and 
the adhesive 54 on both sides is 5 mm, the length b required to affix the optical fiber 51 by applying adhesive 54 is 5 
mm on both sides, and a silica tube 40 mm long is used as the substrate 53. 

Hereinbelow, an example of a method for producing the optical fiber grating according to the second embodiment 
Will be explained. 

First, as shown in Fig. 3, the relationships between the grating length, the mean relative refractive index difference 
of the core and the rejection bandwidth are pre-determined by a calculation method to be explained below and a mean 
relative refractive index difference of the core which allows the desired grating length and rejection bandwidth to be 
achieved simultaneously is determined therefrom. 

K r 'f ^ f^^^ showing the relationship between the mean relative refractive index difference and the rejection 
bandwidth for the cases wherein the grating length is 1 5. 20, 25. 30, 35 and 40 mm. In the graph; the horizontal axis 
represents the mean relative refractive index of the core and the vertical axis represents the results of calculations 
(theoretical limit values) of the rejection bandwidth. 

Below, the method for calculating the rejection bandwidths of radiative mode-coupled optical fibers (theoretical 
limit values) will be explained. 

As mentioned above, radiative mode-coupled gratings are constructed such as to be capable of attenuating the 
light of the waveguide mode by coupling the waveguide mode (of the core) with the mode propagating through the 
cladding. The optical power attenuation rate 2a of the waveguide mode of such a grating can be expressed bv the 
^0 following equation (4). » » k 
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2« = 2<^^^J 



(4) 



Here, mi represents a cladding mode number to be coupled, C„ represents the coupling constant when coupling 
he mth mode of the cladding. Additionally. <t,(£,^j is the square root of the Fourier transform of the grating pattern 
When the pattern of the grating portion is regularly spaced. <l>(Ap J corresponds to the period of the grating (the basic 
period when the changes in the grating are not sinusoidal) and can be expressed by the following equation (5) 
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<p{j^J^J^ A) ( I V 2 J\ 

vAVjt/ VA/?^*27r/Ai I A/3„-2^/A ] • • - (5) 

L J 

Here, A(i^ represents the difference in the propagation constant between the mth mode of the cladding and the 
mode guided through the core. Additionally, A represents the grating pitch and v represents the number of cycles in 
the grating. The relationship between O and Ap in the vicinity of AP = 2tUA is shown in Fig. 4. 

As shown in the drawing, if the wavelengths when AP is equal to 2(v - 1)k/vA and when AP is equal to 2(v + 1 )w' 
vA are taken to be respectively X/and X^, then when the wavelength at the destination of propagation is between X, 
and (I.e. when Ap is between 2(v - 1)riA^A and 2(v + 7)7c/vA ), the value of <I>(Ap^) in the above equation (5) becomes 
bound, and the attenuation rate 2a becomes large in accordance with the above equation (4). When outside the range 
of Xf to X^, <^(A\^n,) approaches zero and the attenuation rate 2a can be ignored. That is, between Xf and X^, the loss 
due to the grating is large so as to form a rejection band, and the inten/al between >.,and X^ is defined to be the rejection 
bandwidth aX. 

Furthermore, the relation expressed by the following equation (6) arises. 

AP(>.,)-AP(\>JJ (6) 
Equation (6) can then be rewritten as the following equation (7) by using the relation \g = (X, + 

IAp(X^+A>72)-Ap(VAV2)l=;^J (7) 
By approximating with a first-order expansion, the above equation (7) can be rewritten as the following equation (8). 



40 



45 



Further modifying this equation results in the following equation (9). 

4k 1 

Taking the grating length to be L, then L = vA, so as to give the following equation (10) which is a formula for 
calculating the rejection bandwidth. 

A1 4Tt 1 



In the above equation (10), Aj^(Xc) is the difference between the propagation constant of the waveguide mode of 
the core and the propagation constant of the cladding mode at the central wavelength X^ of the rejection band. As the 
mean relative refractive index difference of the core increases, the wavelength derivative of Ap^^, i.e. the denominator 
55 in the above equation (10), increases so that the righthand side of the above equation (10) decreases, consequently 
decreasing the rejection bandwidth (AX). 

Fig. 5 has the optical frequency (to) on the horizontal axis, the effective refractive index (n^/y) for the mode on the 
vertical axis, and shows the relationship therebetween (dispersion curve). In the graph, (i) represents a dispersion 
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curve for a waveguide meaPK an optical fiber with a large mean relative refraK index difference of the core (ii) 
represents a dispersion curve for a waveguide mode in an optical fiber with a small mean relative refractive index 
difference of the core, and (Hi) represents a dispersion curve for the cladding mode. 

As shown in the drawing, when using light of the same frequency (oj). the value (corresponding to the slope of the 
dispersion cun/e) of the effective refractive index (n^,^ of the waveguide mode of the core differentiated by the frequency 
(to). I.e. the frequency dependence of the effective refractive indes, is larger in optical fibers having large mean relative 
refractive index differences of the core than in optical fibers having small mean relative refractive index differences of 
the core. However, the effective refractive index for the cladding mode is almost unaffected by changes in the mean 
relative refractive index of the core. This means that the frequency dependence of the^diff erence in effective refractive 
index for the cladding mode and the waveguide mode of the core is higher for optical fibers with higher mean relative 
refractive index differences of the core. 

The absolute value of the wavelength dependence of the difference in effective refractive index for the cladding 
mode and the waveguide mode of the core is higher for optical fibers with higher mean relative refractive index differ- 
ences of the core, because the frequency is proportional to the inverse of the wavelength (co= 2nv = 2kCA). Additionally 
since the propagation constant is equal to the effective refractive index times the frequency of light in a vacuum, the 
absolute value of the wavelength derivative of the difference (A|3) in the propagation constant between the cladding 
mode and the waveguide mode of the core is greater for optical fibers with larger mean relative retractive index differ- 
ences 



The conditions of the grating length of the optical fiber grating to be obtained are primarily determined by consid- 
ering ihe housability and vibration resistance of the optical fiber grating. 

In this example, the grating length is set to 20 mm in order to obtain an optical fiber grating which can be installed 
and contained in an undersea repeaters. 

That is. in order to make an optical fiber grating such as shown in Fig. 2 capable of being contained in an undersea 
repeaters, the length of the substrate 53 must be 40 mm or less. In the case of a radiative mode<;oupled optical fiber 
grating, an anchoring base of at least 10 mm must be provided on both sides of the grating portion 52 in order to affix 
it to the substrate 53 by means of an adhesive 54. 

Therefore, for fixation to a substrate 53 which Is less than 40 mm, the grating length must be held to 20 mm or less 
Additionally, while the diameter of an optical fiber 51 is usually about 1 25 ^m, the tension and resonance frequency 
of a silica glass chord having a diameter of 1 25 pm have the relationship shown in Fig. 6. Fig. 6 shows the relationship 
between the tension and resonance frequency of silica glass chords which are respectively 10. 15. 20. 25. 30. 35 and 
40 mm long. 

Generally, when conducting vibration tests of optical components, the upper limit of the vibrations is made 2000 
Hz because the frequencies of the vibrations occurring when installing cables or repeaters are less than 2000 Hz. With 
regard to the vibration resistance of optical fiber gratings, it is possible to prevent the occurrence of breakage due to 
resonance of the optical fiber during the vibration tests or during installation if the design is such that the resonance 
frequency is at least 2000 Hz. 

As mentioned above, the length of the substrate 53 must be restricted to 40 mm or less in order to allow the optical 
fiber grating to be contained in an undersea repeaters. The length b of the portion coated with adhesive 54 in order to 
affix the optical fiber grating must be at least 5 mm long at both ends, so that the length of the optical fiber between 
adhesive fixation points cannot be made longer than approximately 30 mm. 

On the other hand, the reliability of the optical fiber 51 becomes a problem when the tension on the optical fiber 
grating is too large, so that it should preferably be used in an environment wherein the tension is less than 1/4-1/5 of 
200 gf which is the proof strength. Therefore, the tension on the optical fiber grating must be 40-50 gf or less. 

Hence, in order to make the resonance frequency greater than 2000 Hz under the conditions that the upper limit 
of the tension on the optical fiber grating is 40-50 gf and the length of the optical fiber between adhesive fixation points 
cannot be larger than 30 mm. the length of the optical fiber grating between adhesive fixation points must be less than - 
or equal to approximately 30 mm as shown in Fig. 6. Additionally, the grating length should preferably be 20 mm or 
less because the distance a between the grating portion 52 and the adhesive 54 should be at least 5 mm. 

The conditions of the rejection bandwidth of the optical fiber grating to be obtained are determined by the method 
so of use of the optical fiber grating. 

For example, in an optical communication system performing wave length -multiplexed transmissions, the design 
should be such as to make the rejection bandwidth equivalent to the bandwidth of the wavelength band used for 
transmissions in the case of a radiative mode-coupled optical fiber grating used to reduce the wavelength dependence 
of the gain of an erbium-doped optical fiber amplifier. In this example, the rejection bandwidth should preferably be set 
55 to20nm. 

The most suitable mean relative refractive index difference of the core 51a of the optical fiber 51 used to make the 
grating is determined with respect to grating length and rejection bandwidth conditions decided in this way 

In this example, as can be seen from the graph in Fig. 3. the mean relative refractive index difference of the core 



11 



BNSDOCID: <EP 0800098A2_L> 




EP 0 800 098 A2 




51a should be at least 0.7 %^Wrder to obtain a radiative mode-coupled optical fiber grating with a grating length of 
20 mm or less and a rejection bandwidth of 20 nm. 

After a suitable mean relative refractive index difference of the core 51a of the optical fiber 51 has been determined, 
an optical fiber 51 satisfying these conditions is prepared and a grating portion 52 is formed in a portion thereof by 
periodically changing the core refractive index. 

When making the grating portion 52, the parameters of the optical fiber grating to be obtained other than the grating 
length are set as appropriate depending on the grating properties to be obtained, since these parameters change the 
central wavelength and the rejection. 

Although the method for forming the grating portion 52 is not restricted, the core 51a of the optical fiber 51 is 
composed of a material with a refractive index which can be changed by exposure to UV radiation in the present 
example, so that the grating portion 52 can be formed as desired by periodically exposing the optical fiber 51 to UV 
radiation along the longitudinal direction. 

The wavelengths of the UV beams irradiated on the optical fiber 51 should preferably be about 200-300 nm. and 
as an optical source, a KrF laser (wavelength 248 nm) can be used. 

Additionally, the grating portion 52 can be formed by suitably using conventional methods, such as by irradiating 
the optical fiber 51 with a UV beam having a comparatively large spot width through a photomask having slits spaced 
at uniform intervals of tens to hundreds of microns, or by irradiating UV beams onto the optical fiber 51 at regular 
intervals by repeating the procedure of irradiating a UV beam with a small spot width onto the optical fiber 51 for a 
constant period of time, cutting off the beam, shifting the positbn of the beam along the longitudinal direction of the 
optical fiber 51, and reirradiating the beam. 

The optical fiber 51 can also be treated by hydrogenation before irradiation with UV light. In an optical fiber with 
a core 51a having a germanium concentration of less than a few percent, a pre-hydrogenation treatment should be 
performed in order to obtain a sufficient core refractive index change by means of exposure to UV light. This hydro- 
genation treatment can be performed by holding the optical fiber 51 inside a hydrogen-pressurized container adjusted 
to approximately 100 atm and 50 °C. 

However, this hydrogenation treatment is not essential, and if the germanium concentration in the core 51a is on 
the order of 30 % and the rejection of the optical fiber grating may be relatively low, then it is possible to omit the 
treatment. 

When a hydrogenation treatment of this type has been performed prior to exposure to UV radiation, the hydrogen 
in the optical fiber 51 should preferably be removed afterthe grating portion 52 has been formed. This dehydrogenation 
process can be performed by leaving the optical fiber 51 in a temperature of between room temperature and 100 *C 
for a few days. This dehydrogenation process is effective in preventing changes in the grating properties which can 
occur over time after the grating portion 52 has been made, due to the occurrence of refractive index changes in the 
hydrogen added to the optical fiber 51 prior to exposure to UV radiation. 

An optical fiber grating is completed by adhesively fixing the optical fiber 51 onto a substrate 53 after the grating 
portion 52 has been formed. 

With the optical fiber grating of this example, it is possible to make the rejection bandwidth narrower without in- 
creasing the grating length by means of increasing the mean relative refractive index difference of the core of the optical 
fiber 51. 

Additionally, when producing the optical fiber grating, the relationship between the grating length, the mean relative 
refractive index difference of the core, and the rejection bandwidth can be determined by means of the above-mentioned 
calculations, based on whk:h suitable values of the mean relative refractive index difference can be selected, thereby 
allowing an optical fiber grating having a desired grating length and rejection bandwidth to be easily and reliably ob- 
tained. 



<Thlrd Embodiment> 

In the third embodiment, the term optical waveguide refers to those having a core surrounded by a cladding having 
a lower refractive index than the core, including embedded palnar optical waveguides having a cladding layer formed 
on a substrate and a core with a higher refractive index than the cladding layer formed inside the cladding layer, as 
well as optical fibers. 

The optical waveguide gratings according to the third embodiment have periodic changes in the waveguide struc- 
ture along the direction of propagation of these optical waveguides, and exhibit radiative mode-coupling properties. 

As specific features for forming the waveguide structure of the optical waveguide^ there are the core diameter 
(core width), core refractive index and refractive index difference, of which it Is most preferable to use the core width - 
(hereinafter defined as the size of the core in a direction normal to the direction of propagation and parallel to the 
substrate), with which periodic changes can be easily formed. 

In this third embodiment, when a palnar optical waveguide is used as the optical waveguide, the core thickness 
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TZnn T °' T ""^^ '° °' propagatioS normal to the substrate and the 

cladd,ng thickness refers to the distance from the core surface to the cladding surface measured In the same direct on 
as the core thickness. When an optical fiber is used, the core thickness refers to the core diame e and the 7aTZ 
thickness referstothedistancefromthecircumferentialsurtaceof the coretothecircumferentialsurf^^^^^^^^ 

Below, a rad.at.ve mode-coupled optical waveguide grating (hereinafter sometimes referred to simZasto^^^^^^^^^ 
optical wavegu.de grating) will be explained as an example of the third embodiment ^ 

F.gs. 9 and 10 show a palnar optical waveguide grating in accordance with the present example- Fia 9 is a oer 
spect.ve v.ew and Fig. 10 is a front view Reference numeral 1 denotes a substrate ^' ^ 

.,rJ, '"^""'"^ ^ formed on the substrate" T, and a core 4 is formed inside the cladding layer 2 That is the 
structure compr.ses a core 3 surrounded by a cladding layer 2. 

whi J*? ^."''^♦'f ® ^ *«f P'a'e composed of a material having the same refractive index as the cladding layer 2 for 
which a silica glass substrate is preferable. a^u'ny wyer lor 

/ H ^^^w u'® ^ a grating structure wherein the width periodically changes along the direction of liqht proDaoation 
Of JohTn ' '"t '^^^ ' ^ strip-shaped trunk portion 3a extending aSg the SSon 

in TZ^^^!:il^VZ ° ' ' '""'^^ ^'^ ^'^^"^"S '^^-^ the trunk portion 2 

le:ZZZXs ~ " ^ ' ''^'^'^ predetermined un«orm intervals 'Llong the 

The Cladding layer 2 comprises a lower cladding layer 2a formed beneath the core 3 on top of the substrate 1 and 
an upper cladd.rig ayer 2b formed above this lower cladding layer 2a, i e. on top and to the sLs of the core 3 
^P^ JmoT.f "^1? T ^. '=°'"P°^^^ °' Si02 (silica glass) doped with germanium (Ge). boron (B). phosphorus 
P) or the IH.e, wh.le the material of the cladding layer 2 is composed of SiO^ doped with B. P o. the like such tEat the 

ZltT't "''""^ "'"^^'"9 ^'^^^ -^-^^ -^-terial. The refL.^e index of 

t^e core 3 LJ^J^Z '''"o °' layer 2. The relative refractive index deference between 

hi^ T ! ''t^'^^^y^' 2 can be set as appropriate, e.g. preferably, rt should be set such that A = 0.3 % 

to the ^b^^7T/'TT"^" °* ' • '='^^'"9 '^^^^ 2a and the core 3 in a direction normal 

n Jwr, f \Z t° the direction of light propagation (indicated by Y in the drawing) should 

preferably be such that the thickness 7, of the substrate 1 is 1 mm. the thickness (T^) of the core 3 x the ItxTZ,) 
Of the trunk port.on 3a .s 8 ^m x 8 ^m. the width (IV^;of the branch portions 3b of the core 3 are 5 Ihe'Tcknrss 
T, of the tower cladd.ng layer 2a is 10 ^m, and the thickness T, of the upper cladding layer 2b is 1 0 am T^ese 
dimensions can be changed as suited to the required properties and functions .s 1 1 o ^m. These 

A palnar opt.cal waveguide grating of this type of structure can be produced in the following manner 
exarnple: ^'^^^ ^ « P^'"^^ °Pt'ca' waveguide grating according to this 

First, as shown in Fig. 11 A, a substrate 1 is prepared and the surface is cleansed 

of the sirtratT?hl? " ^' f ^"1 "'^"''l''^ '^^"^ '° '^"^ '^'^^^'"9 ^V^' 2a is formed on top 

bl fo!mpH h H ' V . ' ' ^ *° ^^"^^ •'^^ 3 is formed thereon Each of these glass layers can 

then n °" °' '"''"'^^^^ ' "'^^"^ °^ '^'^D process (flame hydrolysis de^>sition) 

oxygen (oj a'Xhe'r ' ^'"^^ ' ^90 -C in a helium (He) ani 

Of Ar'sT:;llg actmuli: t^^sl" °" °' ^''^ ^'^^^ ^ '^^^ ''^ rr^ans 

core?i^n,l11r'n^H ^t'^^^'^ "^^^^ of a conventional photolrthography process to shape the 

core 3 into the pattern shown .n F.g. li C. This pattern can be formed by, for example, first forming a photoresist laver 
on top o the S. resist film 14. exposing to light through a mask pattern corresponding to the s^pe of the core 3 Then 
forming the pattern of the core 3 on the Si resist film 1 4 by means of etching. Subsequently. reacS^e ioretcrno (Sei 
.s performed with the Si resist film 14 as a mask to form the core glass layer 1 3 intone sLpe oMheToS 3 ' ^ 

.on oM?: ^ ^'^'''""9 9'^"^ '^y^^ ^^"^^"^^ the upper cladding layer 2b is formed on 

top of the hrst cladding glass layer 12 and the patterned core 3. The second cladding glass layer 15 is formed ^iZ 

oTd^trmin^H?: ? 9'-^ '-y- ^2. The second cladding glass layer 15 is formed i. a'o ha've a 

lladdino oLsl lL.r ?f ^ ^"^ ^ T ^*"t'°"^"y' ''^th the first cladding glass layer 12 and the second 

cladding glass layer 15 are composed of a material having a lower refractive index than the core 3 and the core 3 
embedded in this way forms an optical waveguide with a grating structure 

into rdei"re?lhll*r'"'H^" T^^"'^^ '"^'"^^ ^he core 3 in this way has the area around the core 3 cut 

into a desired shape depending on need, so as to form an optical component such as an optical filter 
Below the functions of the palnar optical waveguide grating of this example will be explained 

icaliran^rnTot'Te mS^ kT^^^ ""^'"^^ ^^^^9"*^^ 9rating. the rejection simply changes period- 

ically and cannot be made higher than a certain value even if the grating length is increased. This is belLed to be 
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because of the occurrence of^^oupling from the cladding mode due to the thinness of the cladding layer. That is. with 
a palnar optical waveguide structure, the width of the cladding layer on both sides of the core is usually made sufficiently 
large, but the thickness of the cladding layer on both sides of the core is only about 3-4 times the thickness of the core, 
which is relatively small. 

5 In contrast, with the palnar optical waveguide grating of the present example, the refractive index of the substrate 

1 IS equal to that of the cladding layer 2. so that the substrate 1 acts as a cladding for the optical waveguide structure. 
Consequently, the effective thickness of the cladding underneath the core 3 is equal to the sum of the thickness 7- of 
the lower cladding layer 2a and the thickness Tf of the substrate 1. Therefore, in this example, the thickness of the 
cladding underneath the core 3 can be made approximately 125 times as thick as the thickness of the core 3 simply 
10 by using a silica glass substrate for the substrate 1 . As a result, the recoupling f rom cladding modes to core propagation 
modes due to the thinness of the lower cladding layer 2a can be reduced, and the rejection of the radiative mode- 
coupled optical waveguide grating can be increased. 

Additionally, since the palnar optical waveguide grating of this example allows the rejection to be increased simply 
by using silica glass for the substrate 1 , it can be easily achieved without any large changes to the process for producing 
15 the palnar optical waveguide Therefore, it offers an advantage in terms of cost because there is no need for extra 
funds to install new production equipment. 

Additionally, rt is possible to effectively increase the rejection by increasing the thickness of the upper cladding 
layer 2b in addition to essentially increasing the thickness of the lower cladding layer 2a by making the refractive index 
of the substrate 1 equal to that of the cladding layer 2. As such a method for making the upper cladding layer 2b thicker, 
20 ihe glass sool can be deposited more thickly if this layer is lormed by means of a FHD process. 

In this case, the thickness (T^ - of the cladding layer 2 above the core 3 should preferably be set so as to be 
at least 1 3 times the thickness of the core 3. The thicker the cladding layer 2. the higher the rejection. 

However, if the upper cladding layer 2b is made too thick, the production efficiency will drop and the production 
costs will increase. Therefore, it is possible to obtain a desirable rejection and to offer an advantage in terms of cost 
25 by simply increasing the thickness of the lower cladding layer 2a and setting the thickness 7^ of the upper cladding 
layer 2b within a range such as to allow the properties of a radiative mode-coupled gratings to be obtained, depending 
on the method of use of the palnar optical waveguide grating. 

Furthermore, while a palnar optical waveguide was used as an optical waveguide for the above-given first example, 
the effect of increasing the rejection can also be obtained in a radiative mode-coupled optical fiber grating by similarly 
30 increasing the thickness of the cladding with respect to the core. Normally, the thickness of the cladding in an optical 
fiber used in an optical fiber grating is about 1 5 times the core diameter, but the rejection can be effectively increased 
as long as the thickness of the cladding is at least 1 3 times the core diameter, 

Hereinbelow. a second example of the third embodiment will be explained by using the example of a radiative 
mode-coupled palnar optical waveguide grating. 
35 Fig. 12A shows a front view of a palnar optical waveguide grating according to this example, and Fig. 12B is a 

graph of the refractive index change in the thickness direction across the core. Reference numeral 21 denotes a sub- 
strate. 

A cladding mode absorption layer 24, a cladding layer 22 and a cladding mode absorption layer 25 are sequentially 
deposited onto a substrate 21 , and a core 23 is formed inside the cladding layer 22. That is, the core 23 is surrounded 
40 by the cladding layer 22. 

The substrate 21 is a flat plate, for which various materials can be used such as silica glass substrates and silicon 
substrates (Si). 

As with the above-given first example, the core 23 has a width that periodically changes along the direction of 
propagation so as to form a grating structure. That is. the core 23 comprises a strip-shaped trunk portion 23a which 

45 extends along the direction of propagation on top of the substrate 21 , and rectangular branch portions 23b which extend 
from the trunk portion 23 in the width direction (indicated by a Z in the drawing) spaced by uniform inten/als along the 
direction of light propagation. 

The cladding layer 22 comprises a lower cladding layer 22a formed underneath the core 23 and an upper cladding 
layer 22b formed on top of the lower cladding layer 22a, i.e. above and to the sides of the core 23. 

50 The material of the core 23 is composed of SiO^ (silica glass) doped with germanium (Ge), boron (B), phosphorus 

(P) or the like, while the material of the cladding layer 22 is composed of SiOg doped with B, P or the like, such that 
the lower cladding layer 22a and the upper cladding layer 22b are composed of the same material. The refractive index 
of the core 23 is higher than the refractive index of the cladding layer 22. The relative refractive index difference between 
the core 23 and the cladding layer 22 can be set as appropriate, e.g. it should preferably be set such that A = 0.3 %. 

55 Cladding mode absorption layers 24 and 25 are formed on both outer sides in the thickness direction of the cladding 

layer 22 (indicated by a Y in the drawing), i.e. between the cladding layer 22 and the substrate 21 , and on the upper 
suriace of the cladding layer 22. As shown in Fig. 128, these cladding mode absorption layers 24 and 25 are formed 
so as to have a higher refractive index than the cladding layer 22. and may be composed of Si02 doped with germanium 
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(Ge). boron (B). phospho^E) or the like. The relative refractive index differ^between the claddinn mort. 

tl tV^^^Z^ mode absorpfon layers 24 and 25 should be set as appropriate depending on the grating p^pTrtlJJ 
s Schange^^^^^^^^^^^^ 

A palnar optical waveguide grating with this type of structure can be made as follows 
present examp^e^^ '""^ ^'^""^ ^ ^ P^'"^^ ^^^^^9"'^^ grating according to the 

10 «n RrT f ^ ^ ^"^^''^'^ *^ prepared and the surface is cleansed. iT an Si substrate is used the 

10 an RCA cleansing method should preferably be used "u=»idie .s usea, me 

24 i^S; H J?""" "'^^ '""^^^ 9'^"^ '^y^^ 3^ ♦° ll^e '^'a'^ding mode absorption layer 

24, a f^st cladd.ng glass layer 32 to become the lower cladding layer 22a, and a core glass layer 33 to bSome the 

the subsTr:,:Tr'"''' ^""^'^"'^ ■ ^""''^ ^'^^^ '^^ A depositing gLs sromo 

rs bv It T^^"o°' ^" "^"^^ P'"'^'' ^"^""^ deposition), then making the glass soot tran^^a°en° 

by simering the substrate 21 with the glass soot at 1 290 "C in a helium (He) and oxygen (O^) atmosphere 

addil^ In^r, ' r "'"^ ''^ ^ predetermined thickness of glass" soot while 

adding dopant materials such as to make the refractive index higher than that of the cladding layer 22 when depo^na 

^0 ol gtesTscJof ^ '^'^'"^ '''^ '^''"""''"^ '"'^^'^ ''^^ ^'""'^^ ^"^i"9 the deposition 

of « Ja^"' ''"^ ^ ^"'""^ °" <°P °' ^his core glass layer 33. This Si resist film 34 can be formed by means 

of an Ar sputtering accumulation process. lumieu uy means 

Thereafter, the core glass layer 33 is etched by means of a conventional photolithography process to shaoe the 
core 23 into the pattern shown in Fig. 1 3C. This pattem can be formed by for example, first forminTa o^Sraie! 
on top o the Si resist film 34, exposing to light through a mask pattern corresponding to the sha^e of the^Sfhen 
orming the pattem of the core 23 on the Si resist film 34 by means of etching. Subsequently, reactive on Aching (RIE) 
IS performed with the Si resist film 34 as a mask to fom, the core glass layer 33 into the sAape of the 00^ 2^ 

Ne«. as shown in Fig. 13D. a second cladding glass layer 35 to become the upper cladding layer 22b is formed 
on top Of the irst Cladding glass layer 32 and the patterned core 23. The second cladding glass Cr L 1 formed by 
the same method as the first cladding glass layer 32 The second cladding glass layer i is fom^ed so as to have a 

CtsTdtl "'"'^ "T^ ''"^ °' '^^^ ^° "^'^ 2^ is embedded inside thT t dadJhg g"ss 

layer 32 and the second cladding glass layer 35. Additionally, both the first cladding glass layer 32 and the second 

emfJZn !k^''' ^, °' ' ""^''"^^ ^ '^^^^ t'a" the core 23. and the core 23 

embedded in this way fomns an optical waveguide with a grating structure 

laver^25lXml'r%t°^" '!!^ /5 

layer 25 is formed on the second cladding glass layer 35 wowipuun 
whilJaddl;!nVrtlnf iridex glass layer 36 can be formed by depositing a predetemiined thickness of glass soot 
Z^,l S«! t T "'T'^' ^r^oreasing the refractive index so as to be higher than that of the cladding layer?2 
while glass soot s being deposited by means of an FHD process. AltemativeV, it can be formed during the pr^s 

few H "Tk' f ''''' "^^'"9 ^ '^^'^i^-g tl^e refracfh/eTdeffim^^^^^^^ 

few minutes during the deposition of glass soot. 

cut intoVd2S?hl h"^ ^1°^'"^' waveguide fomied by the core 23 in this way has the area around the core 23 
cut into^a des red shape depending on need, so as to form an optical component such as an optical filter 
Hereinbelow functions of the palnar optical waveguide grating of the present example will be explained 
The palnar optical waveguide grating of the present example has cladding mode absorption layers 24 and 25 with 
diJijr^^^'fnT"^ ^='"'^'"9 layer 22 formed on both outer sldes^of the claddi n'gTyer 2Tin m^^^^^ 

abso I^d '^'"^'""S mode absorptk^n layers 24 and 25'so as to be LSntfy 

thertbv^..r ^ ^^'^^"P'-S °' -^'^^ding modes from the cladding layer 22 can be reduc^ 

thereby allowing the rejection of the radiative mode-coupled optical waveguide grating to be increased 

which arlTbl^*2^rH^'",f'°'^^^^^^^ 

t^e cl^ino «r TT ^"" "7 '""^ "^'^'''"^ '^y^^^ 24 and 25 change with the thickness of 

t?s absorption layers 24 and 25. Therefore, the wavelength selectivity for the light to be attenuated by 

TsZon ZrJr.:T:i^ ^'''"^"^'^'^ ^^"'"9 the thicknesses of the cladding mode' 

th^sTol'^If absorption layers 24 and 25 were provided on both outer sides of the cladding layer 22 in 
bv orlv^H^nn T" ■ ? 9^*" °^ '^^'^^^"^9 the rejection and improving the wavelengTh selectivity 

Sntrht ' T K ""^^ '^^"^ 24 or 25. However, these effects can be attained moS 

efficiently by providing both cladding mode absorption layers 24 and 25. 
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For example, in palnar oprffal waveguide gratings of the structure shown in Figs. 9 and 10. it is possible to obtain 
a structure with a cladding mode absorption layer on one outer side of the cladding layer 2 by using a substrate 1 with 
a higher retractive index than the cladding layer 2. 

Furthermore, while a palnar optical waveguide was used as an optical waveguide in the above-described second 
example, it is also possible to gain effects of increasing the rejection and improving the wavelength selectivity in a 
radiative mode-coupled optical fiber grating by similarly forming a cladding mode absorption layer with a higher refrac- 
tive index than the cladding around the cladding. 

In this case, as methods for forming a cladding mode absorption layer around the cladding of the optical fiber, 
there is a method wherein a high refractive index coating material is used when forming a coating layer around the 
cladding, or a method which can be used when the optical fiber preform is formed by means of an FHD process, 
wherein after the cladding portion is formed and sintered, glass soot containing a dopant for raising the refractive index 
is deposited around the cladding portion for sintering. 

Next, Examples 1 and 2 in accordance with the first embodiment of the present inventbn and Comparative Example 
1 will be explained. 



First, an optical fiber comprising a core composed of silica glass doped with 12 % mol of GeOg and 8 % mol of 
B2O3, and a cladding composed of (pure) silica glass was prepared. Next, after removing a portion of the jacket layer 
of the optical fiber, the optical fiber was irradiated through a photonnask having slits formed therein with UV light of 
wavelength 248 nm at the portion with the jacket layer removed to form a grating portion. The grating pitch A was 400 
Jim and the overall length of the grating portion was 20 mm. 

The optical fiber grating obtained in this manner had the properties of a radiative mode-coupled grating, and the 
central wavelength of the rejection band was 1560.0 nm at room temperature. 

Upon analyzing the temperature dependence of the central wavelength in a temperature range of -20 to 80 'C, it 
was found to be 0.01 nnn/**C for this optical fiber grating. 



An optical fiber grating was made in a manner identical to that of the above-described Example 1 , with the exception 
that an optical fiber comprising a core composed of silica glass doped with 8 % mol GeO^ and 16 % mol 8203 and a 
cladding composed of (pure) silica glass was used as the optical fiber. 

The resulting optical fiber grating had the properties of a radiative mode-coupled grating, and the central wave- 
length of the rejection band was 1538 nm at room temperature. Upon analyzing the temperature dependence of the 
central wavelength in a temperature range of -20 to 80 **C, it was found to be -0.045 nm/*C for this optical fiber grating, 
thus exhibiting the inverse properties with respect to Example 1 . 

(Comparative Example 1) 

As a comparative example, an optical fiber grating was made using an optical fiber with a core not doped with 
B2O3. An optical fiber grating was made in a manner identical to that of the above-described Example 1, with the 
exception that an optical fiber comprising a core composed of silica glass doped with 4.0 % mol GeOg and a cladding 
composed of (pure) silica glass was used as the optical fiber. 

The resulting optical fiber grating had the properties of a radiative mode-coupled grating, and the central wave- 
length of the rejection band was 1490 nm at room temperature. Upon analyzing the temperature dependence of the 
central wavelength in a temperature range of -20 to 80 "C, it was found to be 0.052 nm/'^C for this optical fiber grating. 

The results of Examples 1 and 2 and Comparative Example 1 demonstrate that the temperature dependence of 
the central wavelength of the rejection band for the optical fiber grating can be improved over the case wherein the 
core is not doped with B2O3 by using a silica glass optical fiber wherein the core is doped with B2O3 in addition to GeP2. 

Additionally, as shown in Example 2, it is possible to realize an optical fiber grating wherein the temperature de- 
pendence of the central wavelength of the rejection band exhibits characteristics which are the inverse of conventional 
characteristics, depending on the concentration by which the core is doped with B2O3. 

While the above-explained examples were radiative mode-coupled optical waveguide gratings using optical fibers 
as the optical waveguides, the temperature dependence of the central wavelength of the rejection band can be in- 
creased according to the same principles in the case wherein a planar optical waveguide is used as the optical 
waveguide. 

Next. Example 3 in accordance with the second embodiment of the present invention and Comparative Example 
2 will be explained. 



(Example 1 ) 



(Example 2) 



16 



EP. 



.0800098A2_I_> 



IS 



20 



EP 0 800 098 A2 

(Example 3) 

First, a 1.3 urn zero-dispersion optical fiber comprising a core composed of silica glass doped with GeO, and a 
cladding composed of pure silica glass, having a core with a mean relative refractive index difference of 1 0 % was 
prepared. After irradiating this optical fiber with UV light (wavelength 248 nm) having a spot width of 200 am the 
.rrad.at.on was stopped, then the irradiation position was moved along the longitudinal direction of the optical fiber for 

!nn"f ^"'^u^'' operation was repeated in order to form the grating portion. The grating pitch was 

400 nm, and the grat.ng length was 20 mm. a ■ was, 

10 of 1 s^Hm "^^^"^^ ^'^""^ the properties of a radiative mode-coupled grating, with a rejection bandwidth 

(Comparative Example 2) 

First, a 1 .3 pm zero-dispersion optical fiber for communication purpoese comprising a core composed of silica 
glass doped with QeO^ and a cladding composed of pure silica glass. This optical fiber had a mean relative refractive 
.ndex difference of the core of approximately 0.35 %. 

A grating portion was formed on this optical f.ber by the same method as the above-given Example 3. The grating 
p.tch was 400 nm as with Example 3. Even when the grating length was made 40 mm which is twice that of Example 
3, the rejection bandwidth could only be made as narrow as approximately 20 nm. 

In the above examples, grating portions were formed by periodically changing the core refractive index, but the 
structure of the grat.ng portion can be any arbitrary structure as long as it results in a radiative mode<:oupled grating 
which satisfies the above equation (4). a ' 'a 

Additionally, there is no restriction to the optical waveguide grating being an optical fiber grating, the second eh- 
bodiment of the present invention can be applied in a similar manner by using a planar optical waveguide as the optical 
2o waveguide. ^ 

Next. Examples 4 and 5 in accordance with the third embodiment and Comparative Examples 3 and 4 will be 
explained. 

(Example 4) 

30 

A palnar optical waveguide grating having the structure shown in Figs. 9 and 10 was prepared Silica glass (SiOb) 
(refractive index 1 .447) was used for the substrate 1 . SiO^ (refractive index 1 .447) was used for the cladding layerl 
and Ge02-doped SiOg (refractive index 1 .4516) was used for the core 3. 

*K J^®^^!?^"®^^ of the substrate 1 was 1 mnn. the thickness T^of the lower cladding layer 2a was lOum and the 
'f*u !^ ""^^^^ cladding layer 2b was 11 0 nm. Additionally, the thickness of the core 3 was 8 iim and the 
width of the trunk portion was 6 \irr\. . 

Additionally, the width of the branch portion of the core 3 was 9 nm.the pitch of the periodic changes in the 
width of the core 3 was 400 \xm. and the grating length was 1 0 mm. 

This palnar optical waveguide grating was analyzed for the optical intensity of transmission while changing the 
wavelength. The results are indicated by the solid curve in Fig. 14. In the graph of Fig. 1 4. the horizontal axis represents 
the wavelength and the vertical axis represents the transmission. The resulting palnar optical waveguide grating ex- 
hibited radiative mode-coupled grating properties, wherein the central wavelength was 1.32 fim, the rejection was 5 5 
dB, and the rejection bandwidth was 0.3 ^m. 

(Comparative Example 3) 

A palnar optical waveguide grating was made in a manner identical to that of Example 4. with the exception that 
silicon (Si) (refractive index 3.5) was used as the substrate 1 . the thickness of the lower cladding layer 2a was 30 
nm, and the thickness T4 of the upper cladding layer 2b was 30 \im. 
so This palnar optical waveguide grating was analyzed for the optical intensity of transmission while changing the 

wavelength. The results are indicated by the dashed curve in Fig. 14. The resulting palnar optical waveguide grating 
exhibited radiative mode-coupled grating properties, wherein the central wavelength was 1.27 ^m. the rejection was 
2.5 dB. and the rejection bandwidth was 0.3 ^m. 

55 (Example 5) 

A palnar optical waveguide grating having the structure shown in Fig. 12 was prepared 

Silicon (Si) was used for the substrate 21 . GeO^-doped SiO^ (refractive index 1 .5) was used for the cladding mode 



3S 



40 



17 



BNSDOCID: <EP 0800098A2.L> 



EP 0 800 098 A2 

absorption layers 24 and 25^^03-doped Si02 (refractive index 1.44726) was used for the cladding layer 22. and 
Ge02-doped SiOg (retractive index 1 4516) was used for the core 23 

The thickness of the substrate 21 was 1 mm, the thickness of the cladding mode absorption layers 24 and 25 was 
4 urn, and the thickness of the cladding layer 22 was 25 ^m. The thickness of the core 23 was 8 ^im and the width of 
5 the trunk portion was 6 ^im. 

Additionally, the width of the branch portions of the core 3 was 9 pm, the pitch of the periodic changes in the width 
of the core 3 is 400 ^m. and the grating length was 10 mm. 

This palnar optical waveguide grating was analyzed for the optical intensity of transmission while changing the 
wavelength. The results are indicated by the open squares in Fig. 15. In the graph of Fig. 15, the horizontal axis 
10 represents the wavelength and the vertical axis represents the rejection. The resulting palnar optical waveguide grating 
exhibited radiative mode-coupled grating properties, wherein the central wavelength was 1 .36 ^im, the rejection was 
9 dB, and the rejection bandwidth was 0.05 



(Comparative Example 4) 

A palnar optical waveguide grating was made in a manner identical to that of Example 5. with the exception that 
the cladding mode absorption layers 24 and 25 were not formed. 

This palnar optical waveguide grating was analyzed for the optical intensity of transmission while changing the 
wavelength. The results are indicated by the closed circles "•" in Fig. 15. This optical waveguide did not exhibit radiative 
mode-coupled grating properties. 

The results of Example 4 and Comparative Example 3 demonstrate that the rejection can be increased by making 
the refractive index of the substrate 1 equal to the refractive index of the cladding layer 2. 

The results of Example 5 and Comparative Example 4 demonstrate that it is possible to obtain radiative mode- 
coupled grating properties selectively attenuating specific wavelengths of light and to achieve relatively high rejections 
by means ot providing cladding mode absorption layers 24 and 25. 



Claims 



1 . An optical waveguide grating using an optical waveguide composed of silica glass material, characterized by com- 
prising a core which is doped with germanium and boron. 

2. An optical waveguide grating in accordance with claim 1, wherein the germanium is added in the form of GeO^. 
the boron is added in the form of B2O3, and the concentration of B2O3 in said core is less than or equal to 2.0 
times the concentration of GeOg in said core. 

3. An optical waveguide grating in accordance with claim 1 , wherein the optical waveguide is an optical fiber 

4. An optical waveguide grating characterized by comprising a radiative mode-coupled grating formed in an optical 
waveguide having a core with a mean relative refractive index greater than that of optical waveguides used for 
communication purposes. 



5. An optical waveguide grating in accordance with claim 4, wherein said optical waveguide has singlennode trans- 
mission characteristics in the operative wavelength range of the grating. 

45 

6. An optical waveguide grating in accordance with claim 4, wherein said optical waveguide is an optical fiber which 
is affixed to a silica substrate. 



7. An optical waveguide grating in accordance with claim 4, wherein said optical waveguide is an optical fiber which 
is affixed to a silica substrate, wherein said optical fiber has a grating length of 20 mm or less, and said silica 
substrate has a length measured parallel to the longitudinal direction of the optical fiber of 40 mm or less. 



8- A method for producing an optical waveguide grating, characterized by comprising steps of: 

determining the relationship between the grating length, the mean relative refractive index difference of the 
core, and the rejection bandwidth of the grating for an optical waveguide grating; 

determining, based on said relationship, a mean relative refractive index difference of the core which simul- 
taneously satisfies the desired grating length and rejection bandwidth conditions; and 
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forming a radiati^de-coupled grating in an optical waveguide havln^ore with this mean relative retrac 
live index diiference. 

A palnar optical waveguide grating having periodic changes in the waveguide structure along the longitudinal 
direction oi an optical waveguide, comprising a core: and a cladding surrounding said core, with a lower refractive 
indexthan said core; characterized in that said cladding has a thickness which is at least thirteen times the thickness 
oi saiQ core. 

A planar optical waveguide grating formed by makir^g periodic changes in the waveguide structure along the lon- 
gitudinal du^ection of an optical waveguide, comprising a substrate; a cladding layer formed on said substrate^ and 
a core inside said cladding layer with a refractive index greater than the refractive index of said claddino laver 
characterized in that the refractive index of said substrate is equal to the refractive index of said cladding layer ' 

11. A planar optical waveguide grating in accordance with either of claims 9 or 10. wherein said planar optical 
waveguide has a silica glass substrate. uMi'i-d' 



9. 



10; 



13 



A planar optical waveguide grating formed by making periodic changes in the waveguide structure along the lon- 
gitudinal direction of an optical waveguide, comprising a core; and a cladding surrounding said core, with a lower 
refractive index than said core; characterized by further comprising a cladding mode absorption layer on the outside 
Of said cladding in the thickness direction, with a higher refractive index than said cladding. 

An optical fiber grating formed by making periodic changes in the waveguide structure along the longitudinal di- 
rection of an optical fiber, comprising a core; and a cladding formed around the circumference of said core with 
a lower refractive index than said core; characterized by further comprising a cladding mode absorption layer 
formed around the circumference of said cladding, with a higher refractive index than said cladding. 

14. A planar optical waveguide grating in accordance with either of claims 12or 13. wherein the mean relative refractive 
index difference between said cladding mode absorption layer and said cladding is 1 -5 %. 
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